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1
METHOD AND APPARATUS FOR HIGH
EFFICIENCY GAS DISSOCIATION IN
INDUCTIVE COUPLED PLASMA REACTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of the co-pend-
ing U.S. patent application Ser. No. 12/878,582, filed Sep. 9,
2010, which claims benefit of U.S. Provisional Patent Appli-
cation Ser. No. 61/245,869, filed Sep. 25, 2009. Each of the
aforementioned patent applications is incorporated herein by
reference.

BACKGROUND

1. Field

Embodiments of the present disclosure generally relate a
substrate processing system and related substrate process,
such as an etching/deposition process. More particularly,
embodiments of the present disclosure relate to method and
apparatus for providing processing gases to a process cham-
ber with improved plasma dissociation efficiency.

2. Description of the Related Art

The fabrication of microelectronic devices includes a num-
ber of different stages, each including a variety of processes.
During one stage, a particular process may include imparting
a plasma to the surface of a substrate, such as a silicon sub-
strate, to alter the physical and material properties of the
substrate. This process may be known as etching, which may
involve the removal of materials to form holes, vias, and/or
other openings (referred to herein as “trenches”) in the sub-
strate.

Plasma etch reactors are commonly used for etching
trenches in semiconductor substrates. These reactors contain
a chamber within which the substrate is supported. At least
one reactive gas is supplied to the chamber and a radio fre-
quency signal is coupled to the reactive gas to form the
plasma. The plasma etches the substrate that is positioned
within the reactor. The substrate may also be coupled to a
radio frequency signal to bias the substrate during the etching
process to enhance etching performance and trench profile.

These trench profiles often require different critical dimen-
sions. The critical dimensions include width, depth, aspect
ratio, resist selectivity, roughness of the sidewalls, and pla-
narity of the sidewalls. These critical dimensions may be
controlled by various factors, two of which are etching time
and etching rate, which further depend on the materials being
etched and the type of etching system being used.

One material of particular importance is silicon. Through
silicon via (“TSV”) etching is a unique application that
requires a low frequency bias and a low temperature environ-
ment to form deep trenches in a silicon substrate. However,
during fabrication, the silicon is generally covered by mul-
tiple layers of other materials, such as an oxide layer and a
metal layer that are deposited on the silicon. Oxides and
metals include different etching requirements than that of
silicon, such as a high frequency bias. In addition, during the
deposition process, a thin film polymer layer may be depos-
ited onto the layers of the substrate as the trench is being
formed to protect the trench sidewalls prior to the etching
process. This polymer layer may further include different
etching requirements than the oxide, metal, or silicon layers.
These distinct requirements influence and increase the com-
plexity of the type of etching system used.

One type of etching system may include in situ plasma
etching. Using this first type of etching system, a trench can
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be formed by alternating the removal and deposition of mate-
rial on a substrate in a single reactor with a removing plasma
and a deposition plasma. Another type of etching system may
include remote plasma etching. Using this second type of
etching system, a trench can be formed as in the in situ
system, except that the plasmas may be generated in a remote
reactor prior to being introduced onto the substrate located in
the primary reactor. In addition to the types of etching sys-
tems, the process of etching with each system may also vary.
Some etching processes employ multi-process approaches,
such as a time multiplexed gas modulation (“TMGM”) sys-
tem or a Bosch system, that includes several recipe processes,
such as etch and deposition process, or etch, flash, and depo-
sition processes. The TMGM process etches a material for a
period of time and then deposits a protective film upon the
previously etched surface to protect the surface, typically the
sidewalls of the trench, from further etching. These two pro-
cesses are repeated as a deeper and deeper trench is formed.
The different types of etching systems and processes has
particular advantages and disadvantages when forming dif-
ferent trench profiles in different material layers.

The material etch rate in an etching system is often a
function of source power. Higher etch rates can be achieved
with higher source powers because higher source powers lead
to higher dissociation rate of processing gases.

Embodiments of the present disclosure increase etch rate
by obtaining higher dissociation rate of processing gases
without increasing source power, therefore, increase effi-
ciency of an etch system.

SUMMARY

Embodiments of the present disclosure generally relate a
substrate processing system and related substrate process,
such as an etching or deposition process. More particularly,
embodiments of the present disclosure relate to method and
apparatus for providing processing gases to a process cham-
ber with improved plasma dissociation efficiency.

One embodiment of the present disclosure provides a baffle
nozzle assembly comprising an outer body defining an inner
volume, wherein the outer body has a first inlet channel open
to the inner volume and adapted to connect with a gas source,
and the outer body has an outlet, an inlet baffle disposed
within the inner volume and dividing the inner volume to a
first volume and a second volume, wherein the first inlet
channel opens near a first end of the first volume, one or more
openings located near a second end of the first volume, and
the one or more openings connect the first and second volume,
and an outlet baffle disposed over the outlet of the outer body,
wherein the outlet baftle has one or more first through holes
open to the second volume of the inner volume, and the outlet
baftle redirects a gas flow from the first through holes.

Another embodiment of the present disclosure provides a
substrate processing system comprising a chamber body
defining a processing volume, wherein the chamber body
comprises, sidewalls, and a lid, wherein the lid has a center
opening adapted to introduce processing gas to the processing
volume. The substrate processing system further comprises a
first solenoidal coil antenna disposed outside the chamber
body over the lid, wherein the first solenoidal coil antenna is
coaxial to the center opening and a baffle nozzle assembly
coupled to the central opening of lid. Wherein the baffle
nozzle assembly comprises a chamber extension disposed
over the lid covering the central opening of the lid, wherein
the first solenoidal coil antenna surrounds the chamber exten-
sion, the chamber extension defines an extension volume in
fluid communication with the processing volume through the
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central opening of the lid, the chamber extension has a first
inlet channel open to the extension volume and adapted to
connect with a gas source, a gas baffle nozzle disposed within
the extension volume and dividing the extension volume to a
first volume and a second volume, wherein the first inlet
channel opens near a first end of the first volume, one or more
openings located near a second end of the first volume, and
the one or more openings connect the first and second volume,
and a plasma baffle disposed in the central opening of the lid,
wherein the plasma baffle has one or more first through holes
open to the second volume of the extension volume, and the
plasma baftle redirects a gas flow from the first through holes.

Yet another embodiment of the present disclosure provides
a method for processing a substrate comprising positioning a
substrate in a processing volume of a processing chamber,
wherein the processing chamber comprises sidewalls and a
lid defining the processing volume, a solenoidal coil antenna
disposed outside the chamber body, and a chamber extension
disposed over the lid and surrounded by the solenoidal coil
antenna, wherein the chamber extension defines an extension
volume in fluid communication with the processing volume
via a baffle nozzle assembly. The method further comprises
flowing a first processing gas through the extension volume to
the processing volume, and simultaneously applying a
plasma power source to the solenoidal coil antenna to gener-
ate a plasma of the first processing gas within both the exten-
sion volume and the processing volume.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
embodiments of the present disclosure can be understood in
detail, a more particular description of embodiments of the
present disclosure, briefly summarized above, may be had by
reference to embodiments, some of which are illustrated in
the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of
this disclosure and are therefore not to be considered limiting
of'its scope.

FIG. 1 schematically illustrates a plasma processing sys-
tem according to one embodiment of the disclosure.

FIG. 2A is a schematic top view of a chamber extension for
a substrate etching system according to one embodiment of
the disclosure.

FIG. 2B is a schematic sectional side view of the chamber
extension of FIG. 2A showing a nozzle baftle assembly in
accordance with one embodiment of the present disclosure.

FIG. 3A is a schematic sectional view of a gas baffle nozzle
in accordance to one embodiment of the present disclosure;

FIG. 3B is a schematic sectional view of the gas baffle
nozzle of FIG. 3A.

FIG. 3C is a schematic sectional view of a gas baffle nozzle
in accordance with another embodiment of the present dis-
closure.

FIG. 4A is a schematic top view of a plasma baffle in
accordance with one embodiment of the present disclosure.

FIG. 4B is a schematic sectional view of the plasma baffle
of FIG. 4A.

FIG. 5 is a schematic sectional side view of a chamber
extension and nozzle baffle assembly in accordance with
another embodiment of the present disclosure.

FIG. 6 is a schematic sectional side view of a chamber
extension and nozzle baffle assembly in accordance with
another embodiment of the present disclosure.

FIG. 7 is a schematic sectional side view of a chamber
extension and nozzle baffle assembly in accordance with one
embodiment of the present disclosure.
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To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures. It is contemplated that
elements disclosed in one embodiment may be beneficially
utilized on other embodiments without specific recitation

DETAILED DESCRIPTION

Embodiments of the present disclosure generally relate a
substrate processing system and related substrate process,
such as an etching/deposition process. More particularly,
embodiments of the present disclosure relate to method and
apparatus for providing processing gases to a process cham-
ber with improved plasma dissociation efficiency.

Embodiments of the present disclosure extend the path ofa
processing gas within the exposure to coil antennas so that the
processing gas has increased reaction time to dissociate. As a
result, higher dissociate rate is obtained without increasing
source power.

One embodiment of the present disclosure provides a
plasma reactor having a chamber extension defining an exten-
sion volume in fluid connection with a processing volume of
the plasma reactor through a nozzle. The extension volume is
positioned inside a coil antenna disposed outside the process-
ing volume. A processing gas flows through the extension
volume before reaching the processing volume where a sub-
strate to be processed is disposed. The processing gas may be
dissociated within the chamber extension before entering to
the processing volume, therefore, having a longer time to
dissociate.

In one embodiment, the nozzle comprises a gas baffle
nozzle disposed in the extension volume providing an
extended path for the processing gas.

In one embodiment, the nozzle comprises a plasma baffle
disposed within the processing volume. The plasma baffle
redirects flow of the processing gas from the chamber exten-
sion to avoid high plasma density near the nozzle.

In another embodiment, the nozzle has a by-pass path
allowing a processing gas entering the processing volume
without going through the chamber extension. In one embodi-
ment, a processing gas may be fed through both the by-path
path and the extended path through the chamber extension. In
another embodiment, a first processing gas is fed through the
extended path through the chamber extension, and a second
processing gas is fed through the by-pass line without going
through the chamber extension. For example, during a silicon
etching process where an etching gas and a deposition gas are
alternately flown to the processing chamber, the etching gas
may be flown through the extended path to obtain increased
plasma density while the deposition gas may be flown
through the by-pass line to be dissociated within the process-
ing volume only.

FIG. 1 schematically illustrates a plasma processing sys-
tem 100 according to one embodiment of the disclosure. FI1G.
1 illustrates a sectional view of the plasma processing system
100, for processing a variety of substrates and accommodat-
ing a variety of substrate sizes.

In one embodiment, the plasma processing system 100
comprise a chamber 25 defining a processing volume 41. In
one embodiment, the chamber 25 may comprise sidewalls 26
and a lid 43. The plasma processing system 100 further com-
prises an antenna assembly 70 disposed over the 1id 43 of the
chamber 25. A power source 15 and a matching network 17
are coupled to the antenna assembly 70 to provide energy for
plasma generation. In one embodiment, the antenna assembly
70 may comprise one or more solenoidal interleaved coil
antennas disposed coaxial with an axis of symmetry 73 of the
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plasma processing system 100. As shown in FIG. 1, the
plasma processing system 100 comprises an outer coil
antenna 71 and an inner coil antenna 72 disposed over the lid
43. In one embodiment, the coil antennas 71, 72 may be
independently controlled. It should be noted, even though two
coaxial antennas are described in the plasma processing sys-
tem 100, other configurations, such as one coil antenna, three
or more coil antenna configurations may be contemplated.

In one embodiment, the inner coil antenna 72 comprises
one or more electrical conductors wound as a spiral with
small pitch and forming an inner antenna volume 74. A mag-
netic field establishes in the inner antenna volume 74 of the
inner coil antenna 72 when an electrical current goes through
the one or more electrical conductors. As discussed below,
embodiments of the present disclosure provide a chamber
extension volume within the inner antenna volume 74 of the
inner coil antenna 72 to generate plasma using the magnetic
field in the inner antenna volume 74.

It should be noted, that the inner coil antenna 72 and the
outer coil antenna 71 may have other shapes according to
application, for example to match a certain shape of a cham-
ber wall, or to achieve symmetry or asymmetry within a
processing chamber. In one embodiment, the inner coil
antenna 72 and the outer coil antenna 71 may form inner
antenna volumes in the shape of hyperrectangle.

The plasma processing system 100 further comprises a
substrate support 40 disposed in the processing volume 41.
The substrate support 40 supports a substrate 101 during
processing. In one embodiment, the substrate support 40 is an
electrostatic chuck. A bias power 20 and a matching network
21 may be connected to the substrate support 40. The bias
power 20 provides bias potential to a plasma generated in the
processing volume 41.

In one embodiment, the lid 43 has an opening 44 to allow
entrance of one or more processing gases. In one embodi-
ment, the opening 44 may be disposed near a center axial of
the plasma processing system 100 and correspond to the
center of the substrate 101 being processed.

In one embodiment, the plasma processing system 100
comprises a chamber extension 51 disposed over the lid 43
covering the opening 44. In one embodiment, the chamber
extension 51 is disposed inside a coil antenna of the antenna
assembly 70. The chamber extension 51 defines an extension
volume 42 in fluid communication with the processing vol-
ume 41 via the opening 44.

In one embodiment, the plasma processing system 100
further comprises a baffle nozzle assembly 55 disposed
through the opening 44 in the processing volume 41 and the
extension volume 42. The baffle nozzle assembly 55 directs
one or more processing gases into the processing volume 41
through the extension volume 42. In one embodiment, the
baftle nozzle assembly 55 has a by-pass path allowing a
processing gas to enter the processing volume 41 without
going through the extension volume 42.

Because the extension volume 42 is within the inner
antenna volume 74, processing gas in the extension volume
42 is exposed to the magnetic field of the inner coil antenna 72
prior to entering the processing volume 41. The usage of the
extension volume 42 increases the plasma intensity within the
processing volume 41 without increase power applied to the
inner coil antenna 72 or the outer coil antenna 71.

In one embodiment, the size of the inner coil antenna 72 or
the chamber extension 51 may be adjusted to obtain desired
plasma uniformity and/or dissociation efficiency. For
example, the uniformity of the plasma density within the
processing volume 41 may be increased by increasing the size
(such as diameter) of the inner coil antenna 72, or by reducing
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the size (such as diameter) of the extension volume 42, or
both. However, the gas dissociation efficiency drops when the
size of the inner coil antenna 72 increases or the size of the
extension volume 42 decreases. In one embodiment, the
diameter of the inner coil antenna 72 is between about 2 times
to about 4 times of the diameter of the extension volume 42.

In another embodiment, the disassociation rate of process-
ing gas may be adjusted by adjusting power level, such as
current, of the inner coil antenna 72. Increasing the current
provided to the inner coil antenna 72 may increase the disso-
ciation rate of the processing gas. In one embodiment, the
uniformity and/or intensity of a plasma in the processing
volume 41 may be adjusted by adjusting current levels of the
inner coil antenna 72. In one embodiment, the relative sizes of
the extension volume 42 and the inner antenna volume 74 are
factored in the current level adjustment of the inner coil
antenna 72.

The plasma processing system 100 comprises a pump 30
and a valve 35 to provide vacuum and exhaust to the process-
ing volume 41. The plasma processing system 100 may fur-
ther comprise a chiller 45 to control the temperature of the
plasma processing system 100.

The plasma processing system 100 further comprises a gas
delivery system 102 to provide one or more processing gases
to the processing volume 41. In one embodiment, the gas
delivery system 102 is located in a housing 105 disposed
directly adjacent, such as under, the chamber 25. The gas
delivery system 102 selectively couples one or more gas
sources located in one or more gas panels 104 to the baftle
nozzle assembly 55 to provide process gases to the chamber
25. In one embodiment, the gas delivery system 102 may be
connected to the baffle nozzle assembly 55 via the chamber
extension 51. In one embodiment, the housing 105 is located
in close proximity to the chamber 25 to reduce gas transition
time when changing gases, minimize gas usage, and mini-
mize gas waste.

The plasma processing system 100 may further include a
lift 27 for raising and lowering the substrate support 40 that
supports the substrate 101 in the chamber 25.

The chamber 25 further includes sidewalls 26 having a
lower liner 22, an upper liner 23, and a slit valve door 24. The
valve 35 may be disposed between the pump 30 and the
chamber 25 and may be operable to control pressure within
the chamber 25.

The gas delivery system 102 may be used to supply at least
two different gas mixtures to the chamber 25 at an instanta-
neous rate as further described below. In an optional embodi-
ment, the plasma processing system 100 may include a spec-
tral monitor operable to measure the depth of an etched trench
and a deposited film thickness as the trench is being formed in
the chamber 25, with the ability to use other spectral features
to determine the state of the reactor. The plasma processing
system 100 may accommodate a variety of substrate sizes, for
example a substrate diameter of up to about 300 mm.

A method and apparatus for etching a profile, such as a
deep trench and through silicon vias (TSV), in a silicon sub-
strate having oxide and metal layers disposed on the sub-
strate, wherein the etching cycle comprises a plurality of
plasma processes that are performed in situ within a single,
fully automated, reactor is provided. Each such etching cycle
comprises a deposition process, a first etch process, and a
second etch process. Each of the processes is an individual
plasma process that is defined by a composition of a gaseous
mixture supplied into the chamber of the reactor where the
substrate is supported. Different compositions of gaseous
mixtures may be supplied to the chamber during each indi-
vidual process. The reactor generally comprises a source of
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power for generating and maintaining a plasma (referred to
herein as “source power”) and a source of power for biasing a
substrate (referred to herein as “bias power”), each indepen-
dently controlled.

In one embodiment, the plasma processing system 100
may produce etched substrate trench sidewall profiles having
angles that taper in a range of about 85 degrees to about 92
degrees, and etched substrate trenches having depths that
range from about 10 micrometers to about 500 micrometers.
In one embodiment, the plasma processing system 100 may
be coupled to a system that includes a metal etch reactor and
optionally a post metal etch passivation chamber.

In one embodiment, the power source 15 for generating
and maintaining the plasma processes is coupled to the cham-
ber 25 via a power generating apparatus enclosed in a housing
11 disposed above the chamber 25. The power source 15 may
be operable to generate a radio frequency within a range from
about 12 MHz to about 13.5 MHz, having pulsing capabili-
ties, a power within a range from about 10 watts to about 5000
watts, and may further include a dynamic matching network
17. In one example, the power source 15 may be operable to
generate a 13 MHz radio frequency having pulsing capabili-
ties.

The power source 15 may comprise a dual tunable source
so that the radio frequency may be changed during an etching
cycle. In one embodiment, the power source 15 may comprise
a remote plasma source capable of generating high levels of
plasma disassociation that is mountable to the plasma pro-
cessing system 100.

When using a remote plasma source, the plasma processing
system 100 may further include a plasma distribution plate or
series of plates disposed in the chamber 25 to help distribute
the plasma to the substrate. In one embodiment, the plasma
processing system 100 may include both an in-situ source
power and a remote plasma source power, wherein the plasma
is generated in a remote plasma chamber using the remote
plasma source power and transferred to the reactor chamber
25, wherein the in-situ power source 15 maintains the gener-
ated plasma within the chamber 25. In one embodiment, an
etching cycle may be performed wherein the power range, i.e.
the wattage of the power source 15, may be increased or
decreased during the etching cycle. The power source 15 may
be pulsed during the etching cycle.

In one embodiment, the bias power 20 for biasing the
substrate 101 is coupled to the chamber 25 and the substrate
support 40. The bias power 20 may be operable to generate a
radio frequency of about 2 MHz having pulsing capabilities,
alow power range from about 10 watts to about 500 watts, and
may further include a dynamic matching network 21. In one
embodiment, the bias power 20 may be capable of generating
a selectable radio frequency range from about 400 kHz to
about 2 MHgz, from about 100 kHz to about 2 MHz, and from
about 100 kHz to about 13.56 MHz, having pulsing capabili-
ties, a low power range from about 10 watts to about 500
watts, and may further include a dynamic matching network
or a fixed matching network and a frequency tuner. In one
embodiment, an etching cycle may be performed wherein the
power range, i.e. the wattage of the bias power 20, may be
increased or decreased during the etching cycle. In one
embodiment, an etching cycle may include a deposition pro-
cess, a first etch process, and a second etch process, wherein
the bias power 20 is used during the first etch process and the
bias power 20 is decreased or increased during the second
etch process. For example, the radio frequency of the bias
power may be decreased or increased from the first etch
process to the second etch process.
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The bias power 20 may be pulsed during the etching cycle.
To pulse the bias power 20, the radio frequency power is
switched on and off during the etching cycle. The pulsing
frequency of the bias power 20 may range from about 10 Hz
to about 1000 Hz, and may range from about 50 Hz to about
180 Hz. In one embodiment, the switching of the power on
and off is uniformly distributed in time throughout the etching
cycle. In one embodiment, the timing profile of the pulsing
may be varied throughout the etching cycle, and may depend
on the composition of the substrate. The percentage of time
the bias power 20 is switched on, i.e. the duty cycle as
described above, is directly related to the pulsing frequency.
In one embodiment, when the pulsing frequency ranges from
about 10 Hz to about 1000 Hz, the duty cycle ranges from
about 2% to about 40%. In one embodiment, when the pulsing
frequency ranges from about 50 Hz to about 180 Hz, the duty
cycle ranges from about 5% to about 30%. The bias power
frequency and the pulsing frequency may be adjusted depend-
ing on the substrate material being processed.

In one embodiment, the chiller 45 may be operable to
control the temperature within the chamber 25 and of the
substrate located within the chamber 25. The chiller 45 may
be located near and coupled to chamber 25. The chiller 45
may include a low temperature chiller, such as a sub-zero
point of use thermo-electric chiller, and may further include a
direct cooling mechanism for ultra lower temperatures. The
chiller 45 is operable to generate temperatures in the range of
about -20 degrees to about 80 degrees Celsius, located near
the chamber 25 to achieve a faster reaction time, and may
include ramping capabilities to allow some level of control to
help improve the etch rate. In one embodiment, the chiller 45
is capable of generating temperatures in the range of about
-10 degrees to about 60 degrees Celsius and may be located
near the chamber 25 to achieve a faster reaction time. In one
embodiment, the chiller 45 may be operable to lower the
temperature from about —-10 degrees Celsius to about -20
degrees Celsius in the chamber 25.

In one embodiment, the plasma processing system 100 is
operable to maintain a chamber pressure range of about 10
mTorr to about 1000 mTorr with the pump 30 and the valve
35, which is coupled to the chamber 25. The chamber pres-
sure can be adjusted during the etching cycle to further
improve the trench profiles. For example, the chamber pres-
sure may be rapidly decreased or increased when switching
from the deposition process to the etch process. The pump 30
may comprise a turbo pump, a 2600 L/s turbo pump for
example, operable to process flows in the range of about 100
sccm to about 1000 scem throughout the chamber 25. In
conjunction with the pump 30, the valve 35 may comprise a
throttling gate valve with a fast reaction time to help control
the process flow and the pressure changes. The plasma pro-
cessing system 100 may further include a dual manometer to
measure the pressure in the chamber 25. In one embodiment,
the plasma processing system 100 is operable to maintain a
dynamic pressure in the range of about 10 mTorr to about 250
mTorr during the etching cycle. Optionally, an automatic
throttling gate valve control or a valve with preset control
points may be utilized, and the dynamic pressure may be
sustained at a set-point while changing flow parameters.

The bias power may be pulsed, e.g. repeatedly releasing
energy, while the source power may be continuously applied.
In particular, the bias power may be pulsed using generator
pulsing capability set by a control system to provide a per-
centage of time that the power is on, which is referred to as the
“duty cycle.” In one embodiment, the time on and the time off
of'a pulsed bias power may be uniform throughout the etching
cycles. For example, if the power is on for about 3 msec and
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off for about 15 msec, then the duty cycle would be about
16.67%. The pulsing frequency in cycles per second or hertz
(Hz) is equal to 1.0 divided by the sum of the on and oftf time
periods in seconds. For example, when the bias power is on
for about 3 msec and off for about 15 msec, for a total of about
18 msec, then the pulsing frequency in cycles per second is
about 55.55 Hz. In one embodiment, a specialized pulsing
profile where the on/off timing changes during the etching
cycles may be used. In one embodiment, by changing the bias
power applied to the substrate, the etching cycle may switch
between the deposition and/or etching processes. The bias
power is pulsed to help reduce scalloping of the trench side-
walls, improve resist selectivity, improve the etch rate, and
prevent material interface undercut.

It is to be noted, however, that aspects of the disclosure are
not limited to use with silicon etching, but are applicable to
etching other types of materials.

As discussed above, embodiments of the present disclosure
provide aplasma reactor having a chamber extension defining
an extension volume in fluid connection with a processing
volume of the plasma reactor through a nozzle. FIGS. 2-4
schematically illustrate a chamber extension and baftle
nozzle assembly in accordance with one embodiment of the
present disclosure.

FIG. 2A is a schematic top view of a chamber extension
and baffle nozzle assembly 201 for a substrate processing
system according to one embodiment of the disclosure. FIG.
2B is a schematic sectional side view of the chamber exten-
sion and baftle nozzle assembly 201.

The chamber extension and baffle nozzle assembly 201
may be disposed in a gas inlet for a plasma processing cham-
ber, such as the plasma processing system 100 of FIG. 1, to
provide all or a portion of the processing gas with increased
exposure to the power source for plasma generation. As
shown in FIG. 2A, the chamber extension and baffle nozzle
assembly 201 is disposed the opening 44 of the lid 43 within
in the inner coil antenna 72.

The chamber extension and baffle nozzle assembly 201
comprises a chamber extension 210 disposed outside the lid
43 and covering the opening 44 and defining an extension
volume 211 therein. The extension volume 211 is surrounded
by the inner coil antenna 72 and any processing gas within the
extension volume 211 may be subject to source power applied
to the inner coil antenna 72 to dissociate.

In one embodiment, the chamber extension 210 may be
substantially cylindrical. The chamber extension 210 may
comprise a cylindrical sidewall 218 and a top 219. The cylin-
drical sidewall 218 and the top 219 define the extension
volume 211. The chamber extension 210 has an inlet exten-
sion 217 connected to the sidewall 218. Gas inlet channels
213 and 214 may be formed through the inlet extension and
open to the extension volume 211. The gas inlet channels 213,
214 may be connected to a gas delivery system and introduce
one or two gas mixtures to the extension volume 211. The
chamber extension 210 also has a bottom opening 215 pro-
viding an outlet for the processing gas in the extension vol-
ume 211. The chamber extension 210 may be disposed such
that the opening 215 is coaxial with the opening 44 of the lid
43.

The chamber extension and baffle nozzle assembly 201
further comprises a gas baffle nozzle 220 disposed within the
extension volume 211. The gas baffle nozzle 220 is an inlet
baftle for the chamber extension 210 to provide restricted
paths for gas entering the chamber extension 210. The gas
baftle nozzle 220 guides the processing gas through the cham-
ber extension 210 from the gas inlet channels 213, 214 to the
opening 215. In one embodiment, the gas baftle nozzle 220
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creates an extended path for at least one processing gas for an
increased exposure to power source.

In one embodiment, the gas baffle nozzle 220 may be
vertical baffles. In one embodiment, the gas baffle nozzle 220
is a hollow cylinder vertically disposed in the extension vol-
ume 211. As shown in FIG. 2B, the gas baffle nozzle 220
divides the extension volume 211 in to an outer volume 227
and an inner volume 228. The outer volume 227 is defined
between the sidewall 218 of the chamber extension 210 and
an outer surface of the gas baffle nozzle 220. The inner vol-
ume 228 is defined by an inner surface of the gas baftle nozzle
220 and the top 219 of the chamber extension 210.

FIG. 3A is a schematic sectional view of the gas baffle
nozzle 220 in accordance to one embodiment of the present
disclosure. FIG. 3B is a schematic sectional view of the gas
baftle nozzle 220. In one embodiment, the gas baffle nozzle
220 may have a plurality of slots 221 formed on an upper end
224. The slots 221 allow fluid communication from the outer
volume 227 to the inner volume 228. In one embodiment, the
gas baffle nozzle 220 may have a flange 222 formed near a
lower end 223. As shown in FIG. 2B, when the gas baffle
nozzle 220 is disposed in the chamber extension 210, the
flange 222 divides a by-pass volume 226 from the outer
volume 227.

In one embodiment, the inlet channel 213 opens near a
lower end of the outer volume 227. The processing gas from
the inlet channel 213 enters the outer volume 227 near a lower
end, travels upward in the outer volume 227, goes through the
plurality of slots 221, then enters the inner volume 228 before
entering the processing volume 41 ofthe processing chamber.
Path of the processing gas from the inlet channel 213 is
extended by the gas baftle nozzle 220 for prolonged exposure
to power source.

FIG. 3C is a schematic sectional view of a gas baftle nozzle
220aq in accordance with another embodiment of the present
disclosure. The gas baffle nozzle 220a is similar to the gas
baftle nozzle 220 except there groves 225 outside. In one
embodiment, the groves 225 are one or more spiral groves
that provide a vortex flow path in the outer volume 227. The
vortex flow path extends the path of the processing gas within
the chamber extension 210 even longer.

Referring back to FIG. 2B, processing gas from the inlet
channel 214 enters the by-pass volume 226, and then enters
the processing volume 41 through a by-pass channel 236.
This arrangement allows a by-pass of the chamber extension
210, therefore, avoid extended exposure to power source.
This path may be used by deposition gas during a silicon
etching process to efficiently use the deposition gas.

The chamber extension and baffle nozzle assembly 201
further comprises a plasma baftle 230 disposed in the opening
44. The plasma baffle 230 is an outlet baffle for the chamber
extension 210 to provide restricted paths for gas exiting the
chamber extension 210. In one embodiment, the plasma
baftle 230 may have a flange 237 allowing the plasma baffle
230 to rest in a recess formed in the opening 44. The plasma
baftle 230 provides paths for the processing gas in both the
inner volume 228 and the by-pass volume 226 to the process-
ing volume 41 in the processing chamber. The plasma baffle
230 also provides a baffle plate 233 to re-direct gas flow from
the chamber extension 210, particularly, redirect any plasma
flow to avoid concentrated plasma density near the opening
44.

FIG. 4A is a schematic top view of the plasma baffle 230 in
accordance with one embodiment of the present disclosure.
FIG. 4B is a schematic sectional view of the plasma baffle
230. As shown in FIG. 4B, the plasma baffle 230 may com-
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prise a blocker plate 231, a stem 232 extending from the
blocker plate 231, and a baffle plate 233 disposed on a distal
end of the stem 232.

The blocker plate 231 rests in the opening 44 of the 1id 43.
In one embodiment, a plurality of through holes 234 are
formed in the blocker plate 231. The through holes 234 allow
gas flow from the inner volume 228 to the processing volume
41. The baffle plate 233 prevents the flow from the through
holes 234 to directly reach the substrate disposed underneath
the opening 44. The baftle plate 233 directs the flow sideways.

In one embodiment, the plasma baffle 230 has a center
channel 235 formed in the stem 232 and the baffle plate 233.
The center channel 235 opens at the baffle plate 233 to the
processing volume 41. In one embodiment, the center chan-
nel 235 does not go through the blocker plate 231. In one
embodiment, a plurality of by-pass channels 236 are formed
in the blocker plate 231 connecting the by-pass volume 226
and the center channel 235. Referring to FIG. 2B, the pro-
cessing gas from the inlet channel 214 may enter the by-pass
volume 226, goes through the by-pass channels 236 to the
center channel 235, then to the processing volume 41 of the
processing chamber.

In one embodiment, the plasma baftle 230 may be formed
in one piece. In another embodiment, the plasma baffle 230
may be formed in several pieces to allow easy assembly.
Particularly, the blocker plate 231 may comprise two pieces
separated stem 232 to allow installation when the baffle plate
233 is larger than the opening 44. In another embodiment, the
baftle plate 233 may be a separate piece from the stem 232 and
the blocker plate 231.

FIG. 5 is a schematic sectional side view of a chamber
extension and baffle nozzle assembly 301 in accordance with
another embodiment of the present disclosure.

The chamber extension and baffle nozzle assembly 301
comprises the same chamber extension 210 and the gas baffle
nozzle 220 as the chamber extension and baffle nozzle assem-
bly 201 of FIGS. 2A-2B. The chamber extension and baffle
nozzle assembly 301 comprises a plasma baftle 330, which
include multiple pieces. The plasma baftle 330 comprises two
or more blocker plates 331 forming a clamp around a stem
332. A baffle plate 333 is formed on a distal end of the stem
332. The baftle plate 333 is larger than the opening 44 in the
lid 43. Through holes 334 are formed through the blocker
plates 331 for gas flow from the chamber extension 210.
By-pass channels 336a, 3365 are formed in the blocker plate
331 and the stem 332 respectively. The by-pass channels 3365
open to a center channel 335 formed in the stem 332 and the
baftle plate 333.

FIG. 6 is a schematic sectional side view of the chamber
extension and baffle nozzle assembly 401 in accordance with
another embodiment of the present disclosure. The chamber
extension and baffle nozzle assembly 401 comprises a plasma
baftle 430 including a baftle plate 433 and a blocker plate 431.
The chamber extension and baffle nozzle assembly 401 is
similar to the chamber extension and baffle nozzle assembly
301 except a center channel 435 is formed through the plasma
baftle 430 allowing a portion of the gas in the chamber exten-
sion 210 to flow directly towards the processing chamber
without being redirected by the baffle plate 433. In one
embodiment, cross channels 437 and 436 may be formed in
the blocker plates 431 directing a portion of the processing
gas from the inlet channel 214 through the channel 436 and
the center channel 435 without being redirected by the baffle
plate 433, and direction another portion of the processing gas
from the inlet channel through the channel 437 then to be
redirected by the baffle plate 433.
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FIG. 7 is a schematic sectional side view of the chamber
extension and baffle nozzle assembly 501 in accordance with
another embodiment of the present disclosure. The chamber
extension and baffle nozzle assembly 501 comprises the
chamber extension 510 and a plasma baftle 530 including a
blocker plate 531 and a baffle plate 533. The chamber exten-
sion and baffle nozzle assembly 501 is similar to the chamber
extension and baffle nozzle assembly 401 except that there is
no by-pass channels formed in the blocker plates 531. All
processing gas goes through the chamber extension 210 and
subjects to extended power source exposure. A portion of the
processing gas goes through a plurality of through holes 534
and is redirected by a baffle plate 533 and another portion of
the processing gas goes through a center channel 535 without
being redirected.

As discussed above, embodiments of the present disclosure
may be used to perform various plasma processes, such as an
etch process for through silicon vias (TSV) during which
mixtures of an etching gas and a deposition gas are supplied
to a plasma chamber alternately.

During a TSV etching process, a substrate being processed
may be disposed in a plasma reactor, such as the processing
system 100 of FIG. 1. The substrate may be positioned on the
substrate support 40 in the processing volume 41.

Next, a mixture of etching gas is flowing to the processing
volume 41 via the chamber extension 51 while power source
is applied to the solenoidal coil antennas 71 and 72 to generate
aplasma of the etching gas within both the extension volume
42 and the processing volume 41. In one embodiment, the
power source of the antennas 71 and 72 may be individually
controlled for plasma generation. In one embodiment, the
etching gas may be flown simultaneously through a by-pass
passage to obtain certain mixture of plasma and non-dissoci-
ated etching gas in the processing volume 41.

After ceasing the flow of the etching gas, a deposition gas
may be flown to the processing volume 41 and a power source
applied to the antennas 71, 72 for a deposition process. In one
embodiment, distribution of power source applied to the
antennas 71, 72 may be adjusted from the etching process to
obtain plasma uniformity in the processing volume 41. In one
embodiment, the deposition gas may be flown through a
by-pass path without going through the chamber extension 51
to avoid early dissociation and waste of the deposition gas. In
another embodiment, the deposition gas may be flown
through both the by-pass path and the chamber extension 51.

In one embodiment, the etching and deposition processes
can be repeated until vias are formed.

While the foregoing is directed to embodiments of the
disclosure, other and further embodiments of the disclosure
may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims that
follow.

What is claimed is:

1. A method for processing a substrate, comprising:

positioning a substrate in a processing volume of a pro-

cessing chamber, wherein the processing chamber com-

prises:

sidewalls and a lid defining the processing volume;

a solenoidal coil antenna disposed outside the chamber
body and defining an inner antenna volume; and

achamber extension disposed over the lid and within the
inner antenna volume of the solenoidal coil antenna,
wherein the chamber extension defines an extension
volume in fluid communication with the processing
volume via a baffle nozzle assembly;

flowing a first processing gas through the extension volume

to the processing volume; and simultaneously
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applying a plasma power source to the solenoidal coil
antenna to generate a plasma of the first processing gas
within both the extension volume and the processing
volume.

2. The method of claim 1, wherein the flowing the first
processing gas through the extension volume the processing
volume comprises:

flowing the first processing gas through a gas baffle nozzle

disposed in the extension volume; and

redirecting the first processing gas flowing out of the exten-

sion volume using a plasma baffle disposed under the
center opening of the lid with in the processing volume.

3. The method of claim 2, further comprising flowing the
first processing gas to the processing volume through a by-
pass channel without going through the extension volume
while flowing the first processing gas through the extension
volume to the processing volume.
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4. The method of claim 2, further comprising:

ceasing the flow of the first processing gas; and

flowing a second processing gas to the processing volume.

5. The method of claim 1, wherein applying a plasma
power source to the solenoidal coil antenna to generate a
plasma of the first processing gas within both the extension
volume and the processing volume comprises reducing the
dissociation rate of the first processing gas by increasing the
size of the solenoidal coil antenna or by increasing a power
level of the plasma power source.

6. The method of claim 1, wherein applying a plasma
power source to the solenoidal coil antenna to generate a
plasma of the first processing gas within both the extension
volume and the processing volume comprises improving
plasma uniformity in the processing volume by increasing the
size of the solenoidal coil antenna.
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